Introduction {#sec1}
============

*Pasteurella multocida* (*P. multocida*) is a gram-negative coccobacillus which is often isolated from the mouths of animals and even humans. *Pasteurella* infections in humans are often zoonotic in nature, resulting from dog and cat bites or scratches, and have been documented to cause pneumonia, cellulitis, and even septic arthritis \[[@bib1], [@bib18], [@bib19]\]. Studies have shown that 50%-65% of healthy dogs and cats have *Pasteurella* in their nasal secretions \[[@bib2],[@bib12]\]. Infection of total hip arthroplasty (THA) and total knee arthroplasty with *Pasteurella* is rare but can be clinically significant.

Pseudoaneurysm of the external iliac artery is a well-described complication after THA with several documented case reports and series in the literature \[[@bib44], [@bib45], [@bib46], [@bib47], [@bib48], [@bib49], [@bib50], [@bib51], [@bib53], [@bib54], [@bib55], [@bib56], [@bib57], [@bib58], [@bib59], [@bib60], [@bib61], [@bib62], [@bib63], [@bib64], [@bib65], [@bib66], [@bib67], [@bib68], [@bib69], [@bib70], [@bib71], [@bib72], [@bib73]\]. The most common proposed causes of these pseudoaneurysms are a malpositioned retractor, migration of acetabular cups, and even migrated cement fragmentation after placement of a cemented femoral stem \[[@bib60],[@bib63],[@bib64],[@bib69]\]. Another cause could be a long anterior and superomedially directed acetabular screw. These false aneurysms can be treated with coiling, stents, and, in some cases, bypass surgery.

Case history {#sec2}
============

We present a 63-year-old nondiabetic female with a history of hypertension, coronary artery disease, peripheral vascular disease, chronic back pain, and depression, who initially presented to an outside hospital with complaints of left hip pain after a fall 1 to 2 weeks prior; she denied antecedent pain or fevers. Her peripheral vascular disease history includes studies to evaluate vascular claudication with significant occlusive disease only of her left posterior tibial artery. Her proximal arteries, including through her anterior pelvis, had normal flow. She underwent a left THA for primary osteoarthritis approximately 20 years prior and subsequently underwent 3 revisions secondary to recurrent dislocations with her most recent one 6 years prior ([Fig. 1](#fig1){ref-type="fig"}). She was discharged, continued to have pain, and re-presented approximately 1 week later to the outside hospital febrile and tachycardic. She had a peripheral white blood cell count of 31 cells/cm³, elevated inflammatory markers with an erythrocyte sedimentation rate (ESR) of 52 mL/hr, and a C-reactive protein (CRP) of 287 mg/L. Her physical examination was only significant for cellulitis around her left hip, and broad-spectrum antibiotics were begun. A computed tomography scan of her pelvis revealed abscesses surrounding her left hip with proximal extension into her internal iliac fossa and distal extension from within her gluteal muscles down her thigh. An intra-articular hip aspiration retrieved frank purulence with more than 500,000 white blood cells/cm³ and 94% neutrophils. At this point, approximately 2 to 3 weeks since her increased pain began, she was transferred to our tertiary-care, academic institution for further care because of the concern for sepsis from periprosthetic infection. She was urgently taken to the operating room for debridement and irrigation of her left hip. Frank purulence was evacuated, and the broken locking ring of her acetabular component (which was unanticipated by the on-call team) was removed. Her blood cultures remained negative.Figure 1Anteroposterior and lateral left hip radiographs showing a press-fit, revision THA.

On further discussion with the patient, she noted she had been bitten on the left ankle by her cat a few weeks prior and was treated with a 10-day course of doxycycline. She denied prior left hip or lumbar infection. Cultures from her initial hip aspiration grew *P. multocida*, and infectious disease described the organism as "pan-sensitive" including to their recommended antibiotic course of intravenous (IV) Unasyn® (Pfizer Inc., New York, NY) for 6 weeks with eventual transition to indefinite oral suppression with doxycycline. Two days after initial debridement, the patient was taken back for another debridement of the left hip joint and index debridement of her left hemipelvis. At her internal iliac fossa, hematoma instead of frank purulence was found. During the posterior approach to the hip, we encountered further purulence ([Fig. 2](#fig2){ref-type="fig"}), particularly with careful dissection along her posterior column. We evaluated her components, and they appeared well-fixed without obvious polyethylene wear or metallosis. We elected to neither dislocate nor consider exchange or explant of her components, given the patient was still actively septic and not hemodynamically optimized for lengthy surgery and/or increased blood loss, not to mention her atypical (yet stable) articulation ([Fig. 2](#fig2){ref-type="fig"}). At her internal iliac fossa and hip, we used gentamicin-loaded acrylic cement beads (Palacos® R-G, Zimmer Orthopaedic Surgical Products, Dover, OH) impregnated with 4 grams of vancomycin and 3 grams of Unasyn® powder (Pfizer Inc., New York, NY). There was no plan to return to the operating room to remove the nonresorbable beads. The wounds were definitively closed and protected with topical negative-pressure wound therapy. Postoperatively, we allowed full weight-bearing. The patient clinically improved rapidly and was discharged to a skilled nursing facility 2 weeks later.Figure 2Intraoperative photograph during her second washout during her first admission. The freer elevator is showing copious purulence flowing from her "tripolar" revision articulation.

She did not follow-up with orthopaedics as an outpatient but did follow-up once with infectious disease at which time her IV Unasyn® (Pfizer Inc., New York, NY) was transitioned to oral doxycycline for indefinite suppression. Five months later, she presented to an outside hospital after a "pop" and worsened left hip pain. She was discharged without an orthopaedic consult and re-presented 6 weeks later to our emergency department with continued, worsening left hip pain. On examination, her left hip was fluctuant and tender beneath a sealed, nonerythematous wound. Lab work showed a normal ESR, but her CRP had elevated from 23 mg/L to 140 mg/L at the outside emergency department 6 weeks prior. Most notably, her hemoglobin had dropped from 10 to 5 g/dL. Her international normalized ratio was 1.4 while on clopidogrel. The patient also had a urinary tract infection with a positive culture for *Proteus mirabilis*.

There was concern for an expanding hematoma in the setting of periprosthetic hip infection, and computed tomography angiography confirmed a large amount of collected blood. The radiologist noted no active arterial extravasation from the external iliac or femoral arteries, but that the study was difficult to interpret secondary to metallic artifact. We remained suspicious and consulted a vascular surgeon, and an ultrasound revealed a pseudoaneurysm (6 × 2 cm) emanating from the left, distal external iliac artery in close relation to her acetabular component ([Fig. 3](#fig3){ref-type="fig"}). They administered on-table angiography and stented the bleeding pseudoaneurysm ([Figure 4](#fig4){ref-type="fig"}, [Figure 5](#fig5){ref-type="fig"}). The vascular surgeon agreed this was a septic pseudoaneurysm resulting from contiguous spread of the patient's periprosthetic infection along her acetabular component and its screw(s). Later that day, she underwent surgical decompression and debridement of her left hip (along with removal of its cement beads while her internal iliac fossa was not reoperated on, and its beads were retained), which revealed copious amounts of foul-smelling hematoma and necrotic muscle ([Fig. 6](#fig6){ref-type="fig"}). Importantly, she did retain the majority of the gluteus medius inserting on her greater trochanter ([Fig. 7](#fig7){ref-type="fig"}). Cultures from this procedure grew only *Cutibacterium* acnes. Her components remained well-fixed without any obvious polyethylene wear or metallosis. Again, we opted to retain them, given risks including the blood loss it would take to remove her fully porous-coated femoral stem. She would return to the operating room for a repeat debridement 3 days later, which revealed neither necrotic tissue nor further hematoma development. She was primarily closed over resorbable antibiotic beads (Stimulan®, Biocomposites Inc., Wilmington, NC) impregnated with vancomycin and tobramycin powder (dosage not dictated by the operative surgeon). While an inpatient, she was treated with IV vancomycin and piperacillin-tazobactam (Zosyn®, Pfizer Inc., New York, NY). She was transitioned back to oral doxycycline indefinitely at discharge. She again did well postoperatively and was discharged to a rehabilitation facility for 1 month before returning home. She followed-up and was ambulating comfortably with a walker and had a well-healing wound. Her CRP had come down to 2.4 mg/L, and her ESR remained normal at 14 mL/hr. She had declined any further vascular surgery on discharge, despite their recommendation of an iliofemoral bypass, and became quite satisfied with her quality of life. She continued to follow-up and did well until she fell and sustained a nondisplaced right superior pubic ramus fracture. She underwent a computed tomography angiography at that time that showed no recurrent pseudoaneurysm formation at the left external iliac artery and patent and stable position of her stent. In addition, she had no obvious abscess or hematoma reformation. At her latest follow-up with us over 2 years out from her first debridement, and while still on doxycycline, we did assess a small, draining area at her left hip felt to represent a draining sinus. We discussed with the patient that this likely represented a chronically infected prosthesis. She refused any further surgery and was counseled on monitoring for worsening signs or symptoms of systemic illness and abscess formation. Owing to some developing limb ischemia, the patient ultimately underwent iliofemoral bypass with a deep femoral vein graft 2 and a half years after her initial presentation.Figure 3Ultrasound image depicting a large pseudoaneurysm emanating from the external iliac artery.Figure 4Angiography showing active extravasation from the left external iliac artery.Figure 5Angiography showing stent placement and no further extravasation from the left external iliac artery.Figure 6During her second admission after stent placement, this is the hematoma among necrotic muscle we excised from her hip and thigh.Figure 7At the conclusion of the debridement as shown in [Fig. 6](#fig6){ref-type="fig"}, this is her cleansed, prosthetic wound bed with some retained gluteus medius insertion at the top of the wound deep to the retractor.

Discussion {#sec3}
==========

We present here the rare complication of a bleeding, mycotic pseudoaneurysm secondary to contiguous spread of periprosthetic hip infection. Review of the literature revealed 27 cases of vascular complications including pseudoaneurysms of the iliac arteries after THA, but these were all aseptic \[[@bib45], [@bib46], [@bib47], [@bib48], [@bib49], [@bib50], [@bib51], [@bib53], [@bib54], [@bib55], [@bib56], [@bib57], [@bib58], [@bib59], [@bib60], [@bib61], [@bib62], [@bib63], [@bib64], [@bib65], [@bib66], [@bib67], [@bib68], [@bib69], [@bib70], [@bib71], [@bib72], [@bib73], [@bib74]\]. The majority of these were treated with endovascular coiling/stenting similar to that in the patient in our case. As discussed previously, causes of pseudoaneurysm after THA have traditionally included aberrant retractor placement, excess medialization (or perforation) of the acetabular cup, cement fragmentation from the femoral component, and long acetabular screws \[[@bib61], [@bib62], [@bib63], [@bib64], [@bib65], [@bib66], [@bib67], [@bib68], [@bib69], [@bib70]\].

Another unique component of this case was the bacteria causing the infection. *P. multocida* is a facultative, anaerobic, gram-negative coccobacillus commonly found in the nasopharyngeal tract of cats and dogs \[[@bib1], [@bib2], [@bib3]\]. Cats are more frequently found to be colonized with the bacteria. Soft-tissue infection can be associated with cat bites and scratches as the bacteria can be transferred from their mouth to the paw with licking \[[@bib2],[@bib3],[@bib31]\]. Review of the literature reveals that 50% of infections resulting from cat bites and 15-20% of infections from dog bites are caused by *P. multocida* \[[@bib1],[@bib14]\]. Risk factors for this unique causative organism include advanced age, diabetes, rheumatoid arthritis, obesity, immunosuppression, previous surgical intervention, renal insufficiency, blood loss during surgery, and postoperative drainage \[[@bib35]\]. Our review of the literature identified 34 documented cases of periprosthetic knee and hip infections with *P. multocida* \[[@bib18], [@bib19], [@bib12], [@bib44], [@bib31], [@bib14], [@bib35], [@bib10], [@bib11], [@bib13], [@bib15], [@bib16], [@bib17], [@bib20], [@bib21], [@bib22], [@bib23], [@bib24], [@bib25], [@bib26], [@bib27], [@bib28], [@bib29], [@bib30], [@bib32], [@bib33], [@bib34], [@bib36], [@bib37], [@bib38], [@bib39], [@bib40], [@bib41], [@bib42], [@bib43]\]. In the majority of these cases, the patients presented similarly to ours with a clinical picture including pain, an effusion (if at the knee), drainage, fever, and an elevated peripheral white blood cell count, ESR, and CRP. We also found a case that occurred in an immunocompromised patient who presented with sepsis, meningitis, and septic arthritis \[[@bib26]\]. Periprosthetic infection was routinely confirmed with an aspiration and its cell count and culture \[[@bib4], [@bib5], [@bib6], [@bib7], [@bib8], [@bib9]\]. In most of the cases reviewed, the patients were treated with IV penicillin or a second- or third-generation cephalosporin. The patient in this case was treated with IV Unasyn® (Pfizer Inc., New York, NY) as is the usual protocol when treating patients admitted with infection secondary to dog or cat bites. The patient was eventually discharged with oral doxycycline, which was the most commonly selected oral antibiotic in the published cases we reviewed. However, many different oral antibiotics have been found to be efficacious including penicillin V, amoxicillin, amoxicillin-clavulanate (Augmentin®, GlaxoSmithKline Inc., Brentford, UK), cefuroxime, and fluoroquinolones \[[@bib18], [@bib19], [@bib12], [@bib44], [@bib31], [@bib14], [@bib35], [@bib10], [@bib11], [@bib13], [@bib15], [@bib16], [@bib17], [@bib20], [@bib21], [@bib22], [@bib23], [@bib24], [@bib25], [@bib26], [@bib27], [@bib28], [@bib29], [@bib30], [@bib32], [@bib33], [@bib34], [@bib36], [@bib37], [@bib38], [@bib39], [@bib40], [@bib41], [@bib42], [@bib43]\].

With respect to the surgical treatment of these infections, the treatment of choice varies widely and is often case dependent. As is well-documented, most septic prosthetic joints, especially when outside the acute phase and with radiographic signs of osteolysis or loosening, should be removed and revised (either in 1 or 2 stages after an antibiotic spacer) \[[@bib32]\]. Review of the current literature by Honnorat et al. \[[@bib10]\] in 2016 found that 54% of cases of prosthetic infections caused by *P. multocida* underwent prosthesis removal, which was lower than we anticipated. Another literature review of *P. multocida* prosthetic infections by Heydemann et al. \[[@bib35]\] in 2010 found that 62% of reviewed cases underwent prosthesis removal with reimplantation at a later date. In our case, the patient's press-fit and ingrown acetabular and femoral components were retained as we thought the risks of prosthetic removal (including extensive surgery and blood loss) outweighed the benefits, and her infection did not seem to be overly chronic. In certain scenarios such as those in this patient, a stable implant can be maintained as long as the patient's lab work (falling inflammatory markers, etc.) and examination (and quality of life) continue to be reassuring. As noted previously, we did assess a draining sinus tract at her latest follow-up consistent with recalcitrant, chronic periprosthetic infection, but she refused consideration of any further orthopaedic surgery.

Perhaps, the most important take-home point from this case report is to beware of the THA that presents with a large hematoma without a causative factor such as trauma or heavy, baseline anticoagulation. Although there are anecdotes within the orthopaedic community of patients undergoing hematoma decompression and then exsanguinating in the operating room, we could not find any published reports of this scenario. In our case, if we had been too aggressive with surgery during her second admission before vascular surgery consultation, she very well may have catastrophically bled (perhaps to death) from release of the tamponade on her actively bleeding external iliac artery.

Summary {#sec4}
=======

A bleeding pseudoaneurysm of the external iliac artery is a rarely documented complication after THA. And a mycotic one resulting from direct spread of infection in the setting of a hip arthroplasty has never been reported in the literature, to our knowledge. Our case presents several learning points including the management of infections secondary to *P. multocida* in THA, the diagnosis and management of pseudoaneurysms in the setting of a THA, and most importantly recognizing the need for imaging and necessary vascular intervention in the setting of a decreased hemoglobin or a large hematoma without a history of previous trauma or heavy, baseline anticoagulation. Our patient was diagnosed with angiography and treated with an endovascular stent, which allowed her to safely undergo debridement and set the stage for component retention and lifetime antibiotic suppression.
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